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Atrial septal defect (ASD)Abstract Objective: The purpose of this study was to evaluate the reliability of 64-slice multi-
detector computed tomographic (MDCT) angiography in pre-operative assessment of coarctation
of thoracic aorta of pediatric age groups using 64 multislice CT scanner.
Materials and methods: Twenty four patients with clinical suspicion of coarctation of the thoracic
aortic anomalies who underwent both Doppler echocardiography and MDCT angiography were
included in the study. MDCT angiography ﬁndings were compared with both Doppler echocardi-
ography and surgical results.
Results: The overall sensitivity of the MDCT angiography for diagnosis of the extra-cardiac aortic
anomalies was 100% which was higher than that of Doppler echocardiography (92%). The overall
sensitivity of MDCT angiography for the assessment of cardiac defects was 85% which was lower
than that of Doppler echocardiography (100%).
Conclusion: We concluded that MDCT angiography with multiplanar and three dimensional tech-
niques can be considered the modality of choice for pre-operative assessment of coarctation of the
thoracic aorta in pediatric patients.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Coarctation of the aorta is a congenital malformation and typ-
ically a disease of childhood and early adulthood (1). Hyper-
tensive vascular complications, cerebrovascular hemorrhage,
aortic valve destruction, premature coronary artery disease
and aortic aneurysms are seen in patients with unrepaired
coarctation of the aorta. In addition, dissection or rupture of
the aorta is a life threatening complication of coarctation of
Table 1 Demographic criteria, age, sex, number and clinical
presentation in 24 patients.
Variable Frequency Percentage
Age
Range 4 m–12 yrs –
Number 24 –
Sex 13 male 54
11 females 45.8
Symptoms
Dyspnea 15 62.5
Chest pain 6 25
Congestive heart failure 5 20.8
Headache 4 16.6
Epistaxis 2 8.3
Signs
Upper extremities hypertension 12 50
Chest x ray abnormalities 5 20.8
Weak femoral pulse 4 16.6
160 M.Z. Al-Azzazy et al.the aorta (2). Although the diagnosis of coarctation of the aor-
ta can usually be made on clinical grounds, imaging is neces-
sary to evaluate the exact anatomy of the lesion and to
detect associated abnormalities. During the past decade, CT
angiography has become a principal examination for the eval-
uation of aortic anomalies. Recently MDCT angiography has
become a principal imaging modality for the evaluation of tho-
racic vascular anomalies because of its short acquisition time
and high spatial resolution (3). MDCT angiography with mul-
tiplanar and three dimensional techniques is the non-invasive
method of choice for assessing the morphology of coarctation
of the aorta particularly to characterize the location, degree
and length of the narrowing, presence of collateral circulation,
relationship to the left subclavian artery and associated cardio-
vascular abnormalities. It is important to have accurate infor-
mation about each of these parameters to devise surgical or
interventional repair (4,5). Pediatric thoracic CTA doses
quoted in the literature vary greatly from 1 to 2 mSv to more
than 50 mSv (6,7). A variety of techniques have proved effec-
tive in lowering radiation exposure, including decreasing tube
current, increasing pitch and table speed, avoiding multiphasic
imaging, and minimizing scan coverage (8–10). Rotational
tube current modulation, a form of automatic exposure con-
trol, can be used to further lower radiation exposure (11–13).
This current study, therefore was designed to evaluate the reli-
ability of 64-slice multidetector computed tomographic
(MDCT) angiography for preoperative assessment of coarcta-
tion of the aorta in pediatric patients.
A 320-MDCT volume scanner allows axial volumetric
scanning up to 16 cm in the z-axis in a single 0.35-second gan-
try rotation with no table movement. This scanner is alluring
to pediatric radiologists because it offers the potential advan-
tages of decreased scan durations, reduced motion artifacts, re-
duced need for sedation, and reduced contrast agent volume
requirements. In addition, the lack of z-axis overranging, lack
of overlapping helical rotations, and minimal penumbral over-
beaming with volumetric scanning have the advantage of
reducing patient radiation exposure (14).
Effective radiation dose for 320 MDCT volumetrically ac-
quired ECG-gated pediatric cardiac CT angiography is lower
than those published for conventional 16- and 64-MDCT scan-
ners (14).
Low dose prospectively gated axial 256-slice CT angiogra-
phy is a valuable tool in the routine clinical evaluation of in-
fants with congenital heart disease providing a comprehensive
three dimensional evaluation of the cardiac anatomy, including
coronary arteries (15).
In the past decade, thanks to increasing computational
power, statistical iterative reconstruction (IR) has become a
hot research topic in CT, with a focus on noise suppression,
artifact reduction, and dual-energy or energy-sensitive imaging.
Some of these efforts are now under translation from bench to
bedside. Similar to the ﬁltered back projection (FBP) algorithm
widely used In MDCT, IR is a method to reconstruct 2-D and
3-D images from measured projections of an object (16).
In response to these concerns and calls for dose reduction,
CT vendors have developed several techniques to help main-
tain diagnostic image quality of studies acquired at a lower
radiation dose. Automatic exposure control and hybrid itera-
tive reconstruction, such as adaptive statistical iterative recon-
struction (ASIR) and iterative reconstructive in image space,
are two of the techniques aimed at reducing image noise (17).2. Materials and methods
2.1. Patient population
Twenty four patients (13 males and 11 females) were included in
this study, age ranges from 4 months to 12 years old. They are
presented with clinical suspicion of coarctation of the aorta.
Symptoms include dyspnea (n= 15), chest pain (n= 6), con-
gestive heart failure (n= 5), headache (n= 4) and epistaxis
(n= 2). Signs include upper extremities hypertension
(n = 12), abnormal ﬁndings on chest X-ray (n= 5), weak fem-
oral pulse and murmurs (n= 4) (Table 1). They all underwent
Doppler echocardiography. These patients fulﬁlled the inclu-
sion criteria of this study and composed our study sample. Each
patient’s parentwas thoroughly asked about the detailed clinical
history after reviewing the referring imaging request and labora-
tory ﬁndings. Exclusion criteria for CT are as follows: previous
allergic reactions to iodine contrast media and sever renal insuf-
ﬁciency. According to the hospital policy, informed consent was
taken and signed by the patient’s parent and referring doctor.
2.2. Patient preparation
The patient was on fast for about 2–3 h before appointment
due to the administration of contrast media in this examina-
tion. Hydration was recommended 4 h prior to the exam.
2.3. Sedation
Patients below 4 years were sedated; orally administrated chlo-
ral hydrate (50–100 mg/kg; maximum dose, 2000 mg) and I.V.
administrated phenobarbital sodium (6 mg/kg; maximum dose
200 mg). The remaining patients cooperated without sedation.
3. Imaging technique
3.1. Contrast enhancement factors
Patients received 2 ml/kg of non-ionic contrast medium
(300 mg/ml, omnipaque). In patients with anticubital catheter,
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2–3 ml/s for a 22-gauge cannula and 3–4 ml/s for a 20-gauge
cannula. Manual injection was used when the IV access was
via a 23 and 24-gauge cannula placed in the dorsum of the
hand or wrist. The scanning delay was determined with a bolus
tracking technique. The examination initiated 4 s after attenu-
ation of the region of interest positioned in the ascending aorta
reached 150HU. A right arm injection was preferable to avoid
artifacts from undiluted contrast media in the left brachioce-
phalic vein.
3.2. Technical factors
MDCT angiography examinations were performed using (light
speed VCT) 64-slices spiral CT scanner. Patients were exam-
ined in supine position, scan extended from the root of the
neck to the diaphragm. Imaging parameters are as follows:
100 kVp, 100–200 mA (varied automatically according to the
body size). Collimation 16 · 1.25 mm, slice thickness
1.25 mm, slice interval 0.625 mm, pitch set automatically,
reconstruction interval 0.625 mm.
The patients were referred to the radiology department for
preoperative assessment of coarctation of the aorta by multi-
detector computed tomography (MDCT) angiography.Table 2 MDCTA versus surgical ﬁndings in 24 patients of
coarctation of the aorta (CoA).
Findings MDCTA Surgical
Coarctation of aorta 24 24
ASD 2/3 3/3
VSD 3/4 4/4
PDA 6/6 6/6
Table 3 Echocardiography versus surgical ﬁndings in 24
patients of CoA.
Findings Echocardiograph Surgical
Coarctation of aorta 22/24 24
ASD 3/3 3/3
VSD 4/4 4/4
PDA 6/6 6/6
Table 4 MDCTA ﬁndings of CoA and PDA.
Findings Axial images MPR V.R.
Aortic coarctation 22/24 24 24
PDA 6/6 6/6 6/6
Table 5 Features of the 24 patients with coarctation of the aorta.
Vascular anomalies ASD VSD PDA Collateral
vessels
L
o
Double SVC1 aortic
arch hypoplasia 1
3 4 6 15 SThe radiologist was blind to the results of Doppler
echocardiography.
All MDCT images were evaluated for the site, length and
degree of coarctation of the aorta. The presence of additional
cardiac defects such as atrial septal defects, ventricular septal
defects and patent ductus arteriosus was evaluated.
Aortic coarctation was deﬁned as greater than 25% de-
crease in vessel diameter, either focal or diffuse. The degree
of stenosis was considered severe if the ratio of the coarctation
diameter to the distal descending aortic diameter was less than
50%. The length of the coarctation was considered short if the
length of the narrowed aortic segment was less than 5 mm and
long if the length was more than 5 mm.
For three-dimensional images, the volumetric CT data were
processed on a separate workstation with multiplanar refor-
matting (MPR), maximum intensity projection (MIP) and vol-
ume rendering (VR). Axial source images, the two and three
dimensional data sets were evaluated for each of the 24
patients.
On the basis of Doppler echocardiography and MDCT
angiography ﬁndings, surgery was performed for all patients.
MDCT ﬁndings were compared with both Doppler echocardi-
ography and surgical results.
4. Results
All aortic coarctations were classiﬁed as post-ductal type. The
degree of stenosis was considered severe in 20 cases. The length
of coarctation was short in 21 cases and long in 3 cases. The
coarctation was located distal to the origin of the left subcla-
vian artery in all cases (Table 5).
Whereas all coarctations (Figs. 1–5) were diagnosed cor-
rectly by multi-planner and three dimensional images with
100% sensitivity, two short coarctation (<5 mm) were missed
by axial images with 92% sensitivity (Table 4).
The site, degree and the length of the coarctation were reli-
ably evaluated by multiplanar and three dimensional MDCT
angiography images.
Surgical results were compared with MDCT ﬁndings and
Doppler echocardiography (Tables 2 and 3).
Coarctation of the aorta was associated with additional car-
diac anomalies in 13 cases. Three cases had atrial septal defects
(Fig. 2d), 4 cases had ventricular septal defects (Fig. 1c) and 6
cases had patent ductus arteriosus (Table 5). The diameter of
the patent ductus arteriosus ranged from 2 to 4 mm.
All cases of patent ductus arteriosus (Fig. 4b) were correctly
diagnosed by both MDCT and echocardiography with overall
sensitivity 100% (Tables 2 and 3).
One case of small ASD and one case of small VSD respec-
tively were missed by MDCT but all cases of ASD and VSD
were correctly diagnosed by Doppler echocardiography (Ta-
bles 2 and 3). The overall sensitivity of MDCT for assessment
of cardiac defects was 85% which was lower than that of
Doppler echocardiography (100%).ength
f COA
Site
of COA
Degree
of COA
No
hort 21 Long 3 Distal to LSCA cases Sever 20
moderate 4
24
Figure 1 Multiplanar (A) and (B) images showing coarctation of the aorta distal to the left subclavian artery (curved arrows).
Multiplanar (C) image showing VSD (straight arrow). Multiplanar (D) image showing internal mammary artery collaterals (small arrows).
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ble superior vena cava (Fig. 2e) and hypoplasia of the aortic
arch in one case and the aberrant right subclavian artery in
two cases.
Collateral vessel formation was noted in 14 cases. Hyper-
trophied internal mammary artery was noted in 10 cases
(Fig. 1d).
Beyond the cardiovascular system, MDCT depicted extra-
cardiovascular lesions in 5 patients had pneumonia and 3 pa-
tients had atelectasis.5. Discussion
Several imaging modalities have been reported in the evalua-
tion of thoracic aortic anomalies. Because of its ability to
provide both anatomic and hemodynamic information,
conventional angiography remains the gold standard for
pre-therapeutic of patients with aortic coarctation. It allows
pressure gradient measurement across the coarctation, visuali-
zation of the collaterals and assessment of associated cardiac
malformation, however this technique is invasive and enhances
the risk for complication imposed by the coarctation (18).
Multi-detector computed tomography has several advanta-
ges versus conventional angiography, especially for children.Commonly, there is no need for sedation and general anesthe-
sia. It has been successfully applied to children 4 years of age
and above because they can easily adjust to the instructions.
Low doses of sedatives can be used for smaller or agitated chil-
dren. In uncooperative cases, scanning is performed during few
seconds of calm. The short scanning time reduces motion arti-
facts, and image quality is not affected at all. Because of the
fast scanning, MDCT is preferable when there is a severe ill-
ness or life-threatening situation. Also, it presents minimal
invasive mortality and morbidity risks (19,20). Contrary to
conventional angiography, potential interventional complica-
tions (dissections, occlusion, bleeding, etc.) are absent. It is
easily applied in the case of bleeding diathesis. Conventional
angiography has the disadvantage of taking a long time, being
invasive and requiring anesthesia in the pediatric population.
However unlike angiography, additional information, such
as pressure curves and oxygen saturation data, cannot be de-
rived from a MDCT examination (19,20). In addition to dis-
playing vascular anatomy, Thoracic CT angiograms provide
information about both airway and lung parenchyma, which
is important in patients who have thoracic vascular anomalies.
Three dimensional images allow excellent display of vascular
anomalies that can be used as vascular road map by surgeon.
CT angiography is a preferable modality of diagnosis for arte-
rial disease as an alternative to conventional angiography (3).
Figure 2 Multiplanar (A) and (C) images showing aortic coarctation (straight and curved arrows). Volume rendering image (B) showing
aortic coarctation (curved arrow). Axial (D) image showing ASD (straight arrow). Axial (E) image showing double SVC (straight arrows).
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modality used, identifying the location and severity of the
coarctation and has the advantages of a noninvasive estima-
tion of the pressure gradient across the narrowing. But it is
sometimes difﬁcult to obtain good visualization of the site of
coarctation because of a poor acoustic window and the long
distance between the transducer and the isthmic region (21).
In this study two coarctations were missed by Doppler
echocardiography.
Before the introduction of MDCT technology, magnetic
resonance imaging (MRI) was frequently used for the assess-
ment of congenital thoracic vascular anomalies because of
multiplanar capability. Contrast enhanced MR angiography
is, for the most part, sufﬁcient for evaluation of the aorta
and its branches, whereas cine MRI and phase contrast MRI
allow assessment of the hemodynamic signiﬁcance of the coa-
rctaion as well as cardiac and valvular function (21,22).
When multiplanar and three dimensional post-processing
techniques became available, the role of CT in the assessment
of thoracic vascular anomalies changed. MDCT has changed
not only the imaging evaluation approach to thoracic aortic
anomalies but also challenged the role of conventional angiog-
raphy (23–26).MDCT has gained increasing acceptance as an alternative
to MRI in the screening of vascular anomalies. Compared with
MR angiography, CT angiography has the advantage of the
ability to acquire high spatial resolution in a shorter acquisi-
tion time that means a reduced need for sedation and less
intensive anesthetic management (26).
During sedation of critically ill-patients, the open and
non-magnetic environment around a CT scanner facilitates
monitoring and resuscitation if necessary. The speed of CT
examinations enables the maintenance of thermal stability,
which is critical in the care of neonates, more feasible than
with MR examinations (26). CT provides information about
both the lung parenchyma and bony structures that are not
evaluated accurately by MRI. CT can be performed immedi-
ately post-operatively without risk in patients with any type
or location of metallic fragments such as stents or surgical clips
and there is no contraindication for patients with pacing sys-
tems (26).
Compared with MR angiography, MDCT angiography has
the advantage of the ability to acquire high spatial resolution
in a shorter acquisition time. In addition volume rendered
and multiplanar reconstructions are better for MDCT
angiography data display than MRI (27).
Figure 3 Axial (A), multiplanar (B) and volume rendering (C) images showing aortic coarctation distal to the left subclavian artery
(straight and curved arrows). Multiplanar (D) image showing VSD (straight arrow).
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provide morphologic images of coarctation of the aorta and its
relationship to the arch vessels as well as demonstrating collat-
eral circulatory pathways (4,5). But it is not useful for visual-
izing the aortic gradient or small cardiac malformation (4).
In this current study, the overall sensitivity of MDCT for the
assessment of cardiac defects was 85% which was lower than
that of Doppler echocardiography (100%). These results are
in agreement with Hu et al. (4) in their study done on 2008
for assessment of coarctation of the aorta in young children
and also with Turkvatan et al. (28) in their study done on
2009 for assessment of coarctation of the aorta.
This current study compared the accuracy of axial CT, mul-
tiplanar reformats and 3D volume rendered images in the eval-
uation of coarctation of the aorta in pediatric patients. The
results of this study show that in the evaluation of coarctation,
multiplanar and 3D volume rendered images performed
slightly better than axial images. For the diagnosis of coarcta-
tion, sensitivities were 92% for axial, 100% for multiplanar
and 100% for volume rendered images.
Previous studies have described the role of axial and three
dimensional volume rendering in the diagnosis of mediastinal
vascular anomalies (3,4). Recently, a study concerning with
CT angiography and three-dimensional reconstruction in
young children with CoA showed the diagnostic sensitivities
of CoA were 87.5% for axial and 100% for multiplanar and
three dimensional volume-rendered images (4). In another
study, the results were consistent with this former study (3).Previous and these current studies reported that the MDCT
angiography is a non-invasive, feasible technique for assessing
aortic coarctation.
Radiation exposure is important in the pediatric population
because children are considered to be more sensitive to ioniz-
ing radiation than adults, and they have longer life expectancy.
The main disadvantage of MDCT is radiation exposure. Com-
puted tomography protocols are associated with a known in-
crease in the risk of future malignancy (29). According to
these ﬁndings, dose-saving algorithms are very important in
reducing radiation exposure and should be used in every imag-
ing modality, especially during childhood. These algorithms
include shorter scan time, lower tube currents, increased table
speed or pitch, and increased speed of gantry rotation. As with
all pediatric CT, mAs must be adjusted for patient size (30,31).
In this current study, we used the parameters of 100 kVp and
100–200 mAs (varied automatically according to body size) to
provide optimal quality images without any signiﬁcant loss of
diagnostic data.
The small number of patients and lack of conventional
angiography and magnetic resonance angiography to assess
the accuracy of the MDCT data are the major limitations of
the present study. Because of the radiation burden and inva-
siveness, we were not able to compare this technique with con-
ventional angiography. MRI provides not only the advantage
of imaging without radiation, but also functional assessment.
In particular, ﬂow measurements are of interest to identify
relevant collateral circulation (32). However, in MRI the
Figure 4 Multiplanar (A) and (C) images showing aortic coarctation (curved and straight arrows). Volume rendering image (B) showing
coarctation of the aorta (curved arrow) and small PDA (straight arrow).
Figure 5 Multiplanar (A) image showing coarctation of the aorta (straight arrow) and volume rendering image (B) showing aortic
coarctation (curved arrow).
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longed sedation and may be difﬁcult to perform in seriously ill
children.
In conclusion, MDCT angiography is the method of choice
for preoperative assessment of coarctation of the aorta in pedi-
atric patients and young adults. It can easily identify the pre-
cise location and the degree of the coarctation and its
relationship with the branch vessels. The presence of associ-
ated aneurysm or dissection and origin and course of collateral
vessels can also be depicted with MDCT. Because axial images
may be insufﬁcient for evaluation of short coarctation, multi-
planar and three dimensional images are needed in the assess-
ment of coarctation of the aorta.
Prior studies with iterative reconstruction techniques in
phantoms and adult patients have shown promise for dose
reduction while maintaining or even enhancing image quality
at lower radiation doses (17). Prakash et al. (33) reported a
25.1% dose reduction with use of abdominal CT and ASIR
reconstruction in adults when compared with FBP-based im-
age reconstruction. Similar dose reduction with ASIR has also
been reported for chest CT in adults when compared with the
FBP technique as reported in prior studies in adult patients, we
found that objective image noise was lower with ASIR than
with FBP reconstruction of pediatric chest and abdominal
CT images. A recent phantom study for noise power spectrum
analysis has shown that ASIR is associated with lower image
noise than FBP at all spatial frequencies (17).
Sarabjeet et al. (17) reported that the chief implication of
our study is that it is feasible to apply a hybrid iterative recon-
struction technique in children undergoing low-dose chest and
abdominal CT. The hybrid iterative reconstruction enables
substantial dose reduction with pediatric body CT while main-
taining acceptable image quality compared with the conven-
tional FBP technique. They concluded that ASIR based
protocols reduce image noise in lower radiation dose pediatric
chest and abdomen CT examinations when compared with
FBP. (17).
Vorona et al. (34) used 64 MDCT machine and published
22% reduction in the average CT dose index volume and a
24% reduction in the average dose length production (DLP)
when using 20% ASIR, at no signiﬁcant detriment to subjec-
tive image quality in pediatric patients.
The 320-MDCT volume scanner has theoretic advantages
of increased temporal resolution, decreased scan duration,
and decreased motion artifacts compared with conventional
16-MDCT and non-dual-source 64-MDCT scanners. Volume
acquisitions can potentially decrease radiation exposure during
cardiac imaging, compared with helical acquisitions, because
of the lack of overranging, minimal overbeaming, and avoid-
ance of low-pitch helical scanning with volume acquisition.
Diagnostic-quality imaging for cardiac CTA using this volume
CT scanner has been shown recently in adults and children
(14).
Nie et al. (35) concluded that prospective ECG-gated dual
source CT (DSCT) with a low radiation dose is a valuable
technique in the diagnosis of coarctation of the aorta in infants
and children.
Gao et al. (36) stated that prospective ECG-triggering
DSCT angiography was associated with a signiﬁcant lower
effective radiation dose than retrospective protocol while
maintaining image quality for diagnosis. Prospective ECG-
triggering DSCT angiography could be used as a veryimportant diagnostic tool in infants with complex congenital
heart disease.Conﬂict of interest
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